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OBJECTIVES This study evaluated the long-term follow-up results of balloon angioplasty (BA) in
adolescent and adult patients with discrete coarctation of the aorta.
BACKGROUND Although the immediate and intermediate term results of BA for patients with aortic coarctation
(AC) have been encouraging, there is a paucity of data on long-term follow-up results.
METHODS This basis of this study was follow-up of 49 patients (mean age, 22 7 years) undergoing BA
for discrete AC at median interval of 10.2 years, including cardiac catheterization, magnetic
resonance imaging, and Doppler echocardiography.
RESULTS No early or late deaths occurred. Balloon angioplasty produced a reduction in peak AC
gradient from 66  23 mm Hg (95% confidence interval [CI]: 59.5 to 72.7) to 10.8  7 mm
Hg (95% CI: 8.8 to 12.5) (p  0.0001). Follow-up catheterization 12 months later revealed
a residual gradient of 6.2 6 mm Hg (95% CI: 4.4 to 7.9) (p 0.001). Four patients (7.5%)
with suboptimal initial outcome with peak gradient 20 mm Hg had successful repeat
angioplasty. Aneurysm developed at the site of dilation in four patients (7.5%). Magnetic
resonance imaging follow-up results revealed no new aneurysm or appreciable changes in the
size of pre-existing aneurysms, and no recoarctation was observed. Also, no appreciable
changes in the Doppler gradient across the AC site were noted. The blood pressure had
normalized without medication in 31 (63%) of the 49 patients.
CONCLUSIONS Long-term results of BA for discrete AC are excellent and should be considered as first option
for treatment of this disease. (J Am Coll Cardiol 2004;43:1062–7) © 2004 by the American
College of Cardiology Foundationt
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turgery for coarctation of the aorta was first described in
945 (1). Since that time, several surgical procedures have
een advocated, each associated with a variable risk of
estenosis or aneurysm formation (2–8). Balloon angio-
lasty (BA) has been added as a viable alternative to surgery
n 1982 (9), and it is currently considered to be a safe and
ffective treatment option for coarctation. With encourag-
ng immediate- and intermediate-term results (10–19), we
ave previously reported intermediate follow-up results at a
ean 5.2 years (18), but reports on long-term results are
carce (20). The purpose of this study is to report on
ong-term follow-up results of up to 15 years in a sizeable
eries of patients with native coarctation of the aorta
ndergoing BA. To our knowledge, this is the longest
ollow-up series reported in this group of patients.
ETHODS
tudy subjects. Between July 1986 and July 2001, 60
onsecutive adolescent and adult patients with native coarc-
From the Departments of *Cardiovascular Diseases, †Radiology, and ‡Biostatistics,
linical Epidemiology, and Scientific Computing, King Faisal Specialist Hospital and
esearch Center, Riyadh, Saudi Arabia.
Manuscript received July 9, 2003; revised manuscript received September 6, 2003,2ccepted October 6, 2003.ation of the aorta were seen at King Faisal Specialist
ospital; 6 patients were referred to surgery, 3 of whom had
long tubular coarctation segment, and the remaining 3
atients had interrupted aortic arch. The remaining 54
atients with discrete coarctation underwent BA.
The indication for dilation included angiographic evi-
ence of significant discrete coarctation or a coarctation
ressure gradient 20 mm Hg or both at cardiac catheter-
zation in addition to systemic hypertension not controlled
y medical treatment. All demographic, hemodynamic,
chocardiographic, and magnetic resonance imaging (MRI)
ollow-up data were encoded in a prospective database
rogram.
nitial evaluation. Clinical evaluation before angioplasty
ncluded right arm blood pressure (BP) measurement, chest
adiograph, 12-lead electrocardiogram, and echocardio-
raphic examination with measurement of the Doppler
radient across the coarctation.
A technique. The technique used for BA has been
reviously reported (11,18). An angioplasty balloon is
elected with a diameter equal to that of the isthmus or 1
o 2 mm smaller than the diameter of the descending
horacic aorta at the level of the diaphragm. After heparin
,000 IU was given intravenously, the angioplasty cath-
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March 17, 2004:1062–7 Long-Term Outcome of BAter balloon was inserted and inflated by hand for 5 to
0 s until the stenotic waist disappeared. Hemodynamic
easurements and biplane aortic angiography were per-
ormed immediately before and after coarctation angio-
lasty, with special precaution to avoid manipulating the
ip of the catheter or guide wire over the area of the
reshly dilated coarctation.
ollow-up evaluation. Follow-up studies including clini-
al evaluation, right arm BP measurement with standard
phygmomanometer, chest radiography, and echocardio-
raphic examination with measurement of Doppler coarc-
ation gradient were performed annually for up to 15 years.
epeat cardiac catheterization with measurement of the
radient across the site of coarctation and aortography was
erformed one year after dilation. Magnetic resonance
maging was carried out after one year at the time of repeat
atheterization and annually thereafter up to 15 years after
ilation to scrutinize for aneurysm formation and to mea-
ure the diameter of the aorta at the site of previous
oarctation.
tatistical methods. Data are presented as mean value 
D and 95% confidence interval (CI). The paired Student t
est was used to compare data before and after angioplasty
nd at follow-up. Statistical analysis was performed using
ommercially available software (S-PLUS Insightful Soft-
are, Seattle, Washington). The Bland and Altman test
21) was used to assess the agreement between MRI
eadings.
ESULTS
tudy subjects. Fifty-four adolescent and adult patients
40 males) underwent BA for native discrete coarctation of
he aorta during a 15-year period. Their ages ranged from
5 to 55 (22 7) years. In one patient, dissection developed
arly in our experience and required immediate surgical
epair without sequelae; she was excluded from the analysis.
part from bicuspid aortic valve found in 21 patients (40%),
dditional congenital heart defects were present in 6 pa-
ients (small ventricular septal defect in 2 patients, subaortic
embrane in 2 patients, moderate mitral regurgitation in 1
Abbreviations and Acronyms
AC  aortic coarctation
BA  balloon angioplasty
BP  blood pressure
CI  confidence interval
MRI  magnetic resonance imaging
able 1. Immediate and Intermediate Follow-Up Results
Parameters Before BA Imm
ortic pressure above Co site, mm Hg 170  21
atheter Co gradient, mm Hg 66  23
oppler gradient, mm Hg 57.6  17.7A  balloon angioplasty; Co  coarctation.atient). All patients were hypertensive (systolic BP, 150 to
60 mm Hg).
mmediate results. There were no immediate or late deaths.
hrombosis of the right femoral artery developed in one
atient and required surgical thromboembolectomy. The peak
atheter coarctation gradient decreased from 66 23 mm Hg
95% CI: 59.5 to 72.7) to 10.8 7.0 mm Hg (95% CI: 8.8 to
2.8) (p  0.0001) (Table 1). Balloon dilation was considered
uccessful when the region of coarctation was enlarged on
epeat angiography after angioplasty and the coarctation pres-
ure gradient decreased to20 mm Hg. Of the 53 patients, 49
92.5%) met these criteria at first dilation. Neither paradoxical
ypertension nor mesenteric vasculitis was encountered after
ngioplasty.
The systolic pressure in the aorta above the coarctation site
ecreased from a mean of 170  21 mm Hg (95% CI: 163 to
75) to 132 16.5 mm Hg (95% CI: 128 to 137) (p 0.0001).
uboptimal initial outcome. Suboptimal initial outcome,
efined as immediate residual coarctation systolic gradient
20 mm Hg, was noted in four of the 53 patients (7.5%).
n undersized balloon catheter was used in three patients
ecause an appropriately sized balloon catheter was not
vailable at the time of the procedure early in our experi-
nces. The transverse aortic arch and isthmus were reason-
bly well developed, evaluated visually from aortogram in
hese four patients like the rest of the study patients.
ntermediate results. Two patients (living abroad) were
ost to follow-up.
atheter coarctation gradient. Follow-up catheterization
nd angiography were performed one year after dilation in 50
atients. One refused repeat catheterization. The gradient
cross the coarctation site was further decreased to 6.2 6 mm
g (95% CI: 4.4 to 7.9, p 0.0001) (Table 1). In comparison
ith values immediately after dilation, there was no further
hange in the systolic pressure in the aorta above the coarcta-
ion site (130 15.7 mm Hg [95% CI: 124 to 133, p 0.19])
Table 1).
oppler coarctation gradient. The Doppler gradient across
he coarctation site decreased from 57.6 17.7 mm Hg (95%
I: 52.5 to 62.6) before angioplasty to 16.0  8.4 mm Hg
95% CI: 13.6 to 18.5) one year after angioplasty (p 0.0001).
uboptimal initial outcome. Suboptimal initial outcome
as encountered in four patients (7.5%). In three of them, the
natomy of the coarctation is discrete, the aortic arch and
sthmus are of reasonable size, and the initial suboptimal relief
f obstruction is due to the small size balloon used in the first
ttempt. Repeat dilation with appropriately sized balloon
atheter was carried out six months later. In all three, the
tely After p Value 12 Months Later p Value
16.5 0.0001 130  15.7 0.19
7 0.0001 6.2  6 0.0001
16  8.4 0.0001edia
132 
10.8 
g
r
w
r
(
w
A
a
B
a
a
2
4
a
L
w
a
p
2
1
M
w
c
a
t
w
u
A
e
t
D
g
i
m
C
p
a
N
m
r
c
D
T
B
t
a
C
p
c
m
i
a
fi
e
(
b
r
a
f
a
u
o
d
t
n
f
a
d
F
d
p
s
1064 Fawzy et al. JACC Vol. 43, No. 6, 2004
Long-Term Outcome of BA March 17, 2004:1062–7radient decreased to 5 to 15 mm Hg and remained low at
epeat catheterization 12 months later. The fourth patient, in
hom the morphology of coarctation in a biplane aortogram at
estudy one year later was deemed unsuitable for angioplasty
Fig. 1), underwent surgical repair. This was the only patient
ho had single-plane aortogram at the initial dilation.
neurysm. The follow-up angiogram and MRI at one year
fter dilation were scrutinized for aneurysm at the site of
A. A total of four aneurysms were observed both on
ngiography and MRI, giving an incidence of 7.8%. The
neurysms were very small bulge in three patients measuring
to 2.3 cm in diameter. The fourth patient, who had a
-cm aneurysm, underwent surgical repair. None of the
neurysms could be detected on chest X-ray film.
ong-term follow-up results. Two patients of the 51 under-
ent surgery at one year after dilation. One patient had aneurysm,
nd the other had suboptimal initial outcome. The remaining 49
atients were followed-up for a median of 10.2 (9.1 4.4) years;
igure 1. (A) Aortogram in left anterior oblique view showing apparently
iscrete coarctation (arrow). (B) Aortogram of the same patient in
osterior anterior view showing long tortuous coarctation (arrow) not
uitable for balloon angioplasty.y5 patients were followed-up for a median of 13.4 (mean SD
2.9  1.4); range, 10.2 to 15.3 years.
RI. The site of previous coarctation is shown to be
ell-dilated in all 49 patients (Fig. 2). No significant
hanges in the diameter of the aorta at the site of coarctation
t one year (13.5  3.1 mm [95% CI: 12.5 to 14.4]) and at
he last follow-up (13.9  3.3 mm [95% CI: 13.0 to 14.9])
as noted. There is agreement between these two values
sing the Bland and Altman method (p  0.43) (Table 2).
neurysms. Follow-up MRI studies revealed no new an-
urysm at the site of angioplasty or appreciable change in
he size of the pre-existing aneurysms (Fig. 3).
oppler coarctation gradient. The Doppler coarctation
radient decreased slightly at the last follow-up in compar-
son with the value at one year after dilation from 16.0 8.4
m Hg (95% CI: 13.6 to 18.5) to 13.0  6.9 mm Hg (95%
I: 11 to 15.0) (p  0.01) (Table 2). This was most
robably due to the remodeling of the aorta after
ngioplasty.
ormalization of BP. The BP was normal (140/90
m Hg) without medication in 31 patients (63%). The
emaining patients required one or two medications to
ontrol their BP.
ISCUSSION
his study has demonstrated excellent long-term results of
A in adolescents and adults with discrete native coarcta-
ion of the aorta, and we propose that it should be used as
first option for the treatment of this disease.
oarctation restenosis. Recoarctation is a common com-
lication after angioplasty and surgical repair in infants and
hildren (2,4), in whom recoarctation rate after angioplasty
ay range from 15% to 30% (16,22,23). Recoarctation is
nfrequent in adults. Several investigators reported no reco-
rctation after angioplasty in adult patients (17,19,20). A
nding that is corroborated by our study, however, we
ncountered suboptimal initial outcome in four patients
7.8%); in three patients, an undersized balloon catheter had
een used in initial dilation. These three patients underwent
epeat angioplasty with appropriate-sized balloon catheter,
nd results were satisfactory and have remained so. The
ourth patient who had unsuitable morphology, discovered
fter performing biplane aortogram one year after dilation,
nderwent successful surgical repair. No recoarctation was
bserved on long-term follow-up using MRI; we previously
emonstrated the accuracy of MRI in diagnosing recoarc-
ation in comparison to angiography (24). Also, there was
o change in the diameter of the coarctation site at median
ollow-up of 10.2 years after angioplasty compared with that
t one year. The Doppler gradient at the site of coarctation
ecreased slightly at the last follow-up compared with one
ear after dilation probably due to remodeling of the aorta.
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March 17, 2004:1062–7 Long-Term Outcome of BAneurysm formation. Aneurysm formation at the dilation
ite has remained a long-term concern. Although early
tudies by Cooper et al. (25) and Brandt et al. (26) reported
igh incidence of aneurysm formation, most investigators
ave reported aneurysm formation incidence varying be-
ween 1.8% to 6% (12–14,27,28), which is consistent with
ur result (7.8%). No aneurysms were encountered by
oerselman et al. (17) and Walhout et al. (19). Three of the
our aneurysms in the present series were small bulges,
ondetectable on chest radiography and without an appre-
iable change in size at follow-up MRI up to 14 years.
Media tear and cystic medial necrosis have been postu-
ated as potential causes of aneurysm formation (9,29,30). It
as been suggested that aneurysm development may be
igure 2. Serial magnetic resonance imaging (A) five years after balloon
ngioplasty, and (D) magnetic resonance angiography 15 years after ballo
arrow) is well dilated, with no change in the diameter of the aorta at coa
Table 2. Echocardiographic and MRI Interme
Parameters
1
Diameter of Co site measured on MRI, mm 1
Doppler Co gradient, mm HgBA  balloon angioplasty; Co  coarctation; MRI  magnetic reaused by the use of an oversized balloon or misinterpreta-
ion of native anatomic irregularities in the aortic contour as
neurysm (31). Two of our four patients who had aneurysm
ere treated with larger balloon catheter. However, one
atient developed a 4-cm aneurysm despite the fact that an
ppropriate-sized balloon catheter was used for angioplasty.
lthough development of aneurysm after BA is of concern,
neurysms are also known to develop after surgical repair of
oarctation especially after patch aortoplasty, with incidence
arying from 9% to 30% (2–8). The postsurgical aneurysms
re defined as a ratio 1.5 of the repair site to the
escending aorta at the level of the diaphragm (5,6). Close
ollow-up is required for patients with or without aneu-
ysms, and we found that MRI is a reasonable, noninvasive
plasty, (B) 10 years after balloon angioplasty, (C) 15 years after balloon
gioplasty of the same patient. Note that the site of previous coarctation
on site.
and Long-Term Results
nths
BA
Long-Term Follow-Up
(Median  10.2) Years p Value
3.1 13.9  3.3 0.43
8.4 13  6.9 0.01angio
on andiate
2 Mo
After
3.5 
16 sonance imaging.
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Long-Term Outcome of BA March 17, 2004:1062–7maging modality for follow-up of patients who underwent
oarctation angioplasty (24).
ormalization of the BP. Blood pressure came down to
ormal in 63% of our patients without medication. These
ndings concur with those of Schrader et al. (27) who
eported a 79% rate of normalization of BP after angioplasty
nd Walhout et al. (19) who encountered hypertension
equiring medication in six of 18 adult patients (33%).
ontrary to the findings of Schra¨ader et al. (27), we found
o relation between persistence of hypertension and a
esidual gradient 30 mm Hg. In our 18 patients with
ersistent hypertension, the residual gradient was 20 mm
g. We previously demonstrated that patients in whom BP
ecame normal after angioplasty also had a normal response
f BP to exercise, and regression of left ventricular hyper-
rophy (32). Hypertension in the absence of residual coarc-
ation appears to be related to the duration of preangioplasty
ypertension, which can be explained by insufficient reset-
ing of the baroreceptors after angioplasty (19). The inci-
ence of late hypertension after surgical repair of coarctation
n adults varies between 33% to more than 50% (2,33,34).
omparison with stent implantation. The indications for
tent implantation are not clearly defined (35). Possible
ndications include long segment and tortuous coarctation,
nd recurrent aortic coarctation (AC) after surgical repair.
e did not attempt balloon dilation of such patients.
ecoarctation is rare in adult and adolescent patients with
iscrete coarctation treated by BA. The incidence of aneu-
ysm formation after stent implantation reported by Suarez
e Lezo et al. (36) at mean of 25 months follow-up was 7%,
n incidence similar to that of BA. We think there is no role
or stent implantation for discrete native coarctation in
dolescent and adult patients.
Compared with surgery, BA offer less burden to the
atient, with short in-hospital stay varying from one to two
ays. This also applies to the financial costs of the angio-
lasty that are relatively low (37).
onclusions. This study demonstrated excellent long-term
igure 3. Follow-up magnetic resonance imaging shows (A) small aneur
ppreciable change in size of the aneurysm was noted.esults of BA for native discrete coarctation in adolescentnd adult patients, when compared against historical control
ubjects. The results of BA compare favorably with reported
esults of surgical repair and are associated with less mor-
idity and lower cost. We recommend BA as the first option
or treatment of discrete coarctation in adolescent and adult
atients.
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